The eyes ofthe marine snail Buila gouldiana act as circadian pacemakers. The eyes exhibit a circadian variation in spontaneous optic nerve compound action potential frequency in constant darkness, and are involved in controlling circadian rhythms in behavioral activity expressed by the animal. To initiate an investigation ofthe molecular aspects of circadian rhythmicity in the Bulla eye and to identify specific molecular markers in the nervous system, we raised monodonal antibodies (MAb) to the eye and saeened them for specific patterns of staining in the eye and brain. Several MAb recognize antigens specific to groups ofneurons in the brain, whereas others stain antigens found only in the eye.
Introduction
Marine snails have been used extensively as model systems for the analysis of complex behaviors, including habituation and sensitization (Kandel, 1979) , associative learning (London and Gillette, 1986; Alkon, 1984) , rhythmic neunonal firing (Benson and Adams, 1987 ), short-term rhythmic motor activity (Davis, 1985; Croll et al., 1984) , and cincadian rhythmicity (Jacklet, 1987 (Block and McMahon, 1984; McMahon et al., 1984; Jacklet and Colquhoun, 1983; Block and Wallace, 1982 spontaneous frequency varies with time of day (see Figure  1 for details of the anatomy of the eye). The BRNs are electrically coupled, and their synchronized activity is transmitted to the cerebral ganglion via the optic nerve. In addition, each pacemaker is coupled to its contralatenal counterpart through effenent fibers from the cerebral ganglion (Roberts and Block, 1983 formaldehyde-fixed and frozen-sectioned tissues typically produced the brightest staining. Occasionally, antigen preservation was better with Bouin's fixation (e.g., two nuclear antigens).
Western
Blots.
Procedures for Western blots are as described in Bedian and Jungklaus (1987 
Results
The structure of the Bulla eye is shown in Figure 1 . recognized an antigen expressed in differential amounts in different cells of the brain ( Figure  5A ), and also stained BRNs and the outer retina in the eye intensely, as well as reacting to portions of the pigment layer ( Figure  SB) . Specific neunonal staining was seen with B7E2.B3 in a small group of cells in the pedal ganglion ( Figure  6 ). This antibody also reacted with connective tissue, and appeared as punctate staining within the outer retina.
The antigen recognized by B17H8 was found in the eye (although staining was greatest on the photoreceptor distal segments), stained the and recognized small groups of neurons in each ganglion of the brain ( Figure   7 ).
Antigens

Found in the Eye
Several classes of specific staining were observed in the eye. These included staining on lens, photoreceptor distal segments, pigment layer, photoreceptor cell bodies, BRNs, efferent fibers, and optic nerve. Figure 8 shows an example ofa lens-specific antibody (B6A7). As in the case of B17H8 described above, B9H8.H3 specifically stained the entire eye, with the exception of the BRNs ( Figure  9 ). However, this antigen was not detectable in the optic nerve or brain.
B7C4.B9 ( Figure  10 ) stained the eye and its surrounding connective tissue, with connective tissue and some specific fibers staining in the brain.
B4D3.E3 stained the base of the eye and also appeared within the photoreceptor layer ( Figure  hA) . Centrally, no staining was seen in neurons, but staining was found within tissue that matches descriptions of central glia ( Figure  11B ). Although the staining around retinal photoneceptors may be glial in character, staining in the base of the retina suggests that BRNs are also stained by this antibody.
Immunoblot
Analysis of Antigens
Proteins in brain and eye homogenates were separated by SDS gel electnophonesis, transferred to nitnocellulose, and stained with antibodies of interest. These results are shown in Figure  12 and summanized in moved were used for immunizations, we did obtain some antihodies that stained the lens (e.g., B6A7; Figure 8 ). This is most likely owing to the fact that the retina contains cells that secrete lens proteins, possibly crystallin.
Six different groups of neurons are recognized by the six neuronspecific antibodies. E2F8.E5 staining ( Figure   3 )was found in about 10 neurons in the pleural ganglion, two in the cerebral ganglion, and in fibers throughout.
We B4B11.B1 ( Figure  4 ) and B5E9.D6 ( Figure  5 ) stained distinct groups ofcells in the brain, not similar to any previously described immunohistochemical pattern, and also showed extensive staining in the retina.
Further analysis of these antigens is complicated by the fact that they are not recognizable by their antibodies on Westcnn blots. The 40 KD antigen recognized by B7E2.B3 ( Figure  6 ) is specific to a group of pedal ganglion neurons and some fibers.
Since the antigen is not detected in large amounts in the eye, it is not clean why an MAb of this specificity was generated in our fusion.
It must be noted, however, that there was intense staining Migration of molecular weightstandards(Lanes 1, 5, and 9) are indicated on the left and right. All remaining lanes are homogenized brain samples, except for Lanes 2 and 3, which are eye homogenates.
Lane 2, B9H8.H3; Lanes 3 and 4, B17H8; Lane 6, B7C4.B9;
Lane 7, B7E2.B3;
Lane 8, B4D3.E3. Lanes 1-4 and 5-9 are Western blots from different gels. B7C4.B9 stains all ofthe netina and the optic nerve ( Figure 10 ).
The fiber staining in the brain may trace the afferent pathways from the eye to the central nervous system. This interpretation is cornplicated by the fact that the antibody also reacts with connective tissue, although we have not established if the antigenic moieties in both tissues are the same. This could be accomplished by penforming Western blots with isolated connective tissue.
B4D3.E3 ( Figure  11) recognizes an antigen whose distribution matches the extent ofglial cells in central ganglia (Coggeshall, 1967) , The observation that the BRNs and glial cells may share a cellular antigen implies some functional or structural relationship between these two cell types. One feature already known to be shared by these cells is that they occur as electrically coupled cell populations (Block et al., 1984; Coggeshall, 1967) , suggesting that this antigen may be related to electrotonic interactions in coupled cell networks.
On Western blots, the antigen recognized by B4D3.E3
is present as a family of bands in the same molecular weight region, possibly owing to extensive and complex glycosylation of a common polypeptide.
Preliminary results indicate that this antigen may show cincadian variations in content in both the eye and brain. This interesting possibility is presently being investigated. The monoclonal antibodies we have generated are able to recognize specific antigens in the nervous system ofBulla. 
